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Abstract 

Formulas for transverse conductance in quantum non-degenerate collisional plasma 
are deduced. The kinetic equation in momentum space in the relaxation approach 
is used. It is shown, that at h — > the derived formula transfers to the classical 
one. It is shown also, that when values of dimensionless wave numbers are small, 
the conductance formula transfers in the known formula for classical non-degenerate 
plasmas. 
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1. BBefleHne 

B xopoiiio H3BecTHoft paGcxre MepMHHa [Ij Ha ocHOBe aHajiroa HepaBHOBec- 
Hoi! MaTpitnBi njiOTHOCTH b r - npit6jiit>KeHHH 6bijio nojiyHeHO BBipajKeHiie 

flJIfl npOflOJIbHOH flHSJieKTpHHeCKOH npOHHI^aeMOCTH KBaHTOBOH CTOJIKHOBH- 

TeniJibHoft njia3Mbi. 

PaHee b pa6oTe JlHHflxapfla [2] 6bijiH nojiyneHbi Bbipa>KeHH5t fljist npo- 
flOJibHoii ii nonepeHHoft flHSjieKTpiiHecKOH npoHimaeMocru KBaHTOBoft 6ec- 
CTOJiJiKHOBHTejibHoft njia3Mbi. 3aTeM KjiHBep it OyKC noxasajiH [3], hto npa- 
Moe o6o6m;eHHe (popMyji JlnH^xapfla Ha cjiyHaft CTOJiKHOBHTejibHoii njia3Mbi 
(nyTeM 3aMeHbi u — > uj + i/r) HeKoppeKTHO. 3tot He^ocTaTOK pjia npo^ojib- 
hoh flHSjieKTpHHecKoii npoHitnaeMOCTH 6biji npeoflOJieH b pa6oTe MepMHHa 
PQ. B TO>Ke caMoe Bpeivra ,0,0 HacT05tni,ero BpeivieHH He HMeeTC5t KoppeKTHoro 
Bbipa>KeHH5t fljist nonepeHHoii flirajieKTpHHecKoft npoHHH,aeMOCTH ^jih cjiynaa 
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KB&HTOBOH CTOJIKHOBIITejIbHOft njia3Mbi. D,ejiL Haeroflmeft pa6oTbi — BOCnOJI- 
HHTb 3tot npo6eji. 

CBoftcTBa sjieKTpHHecKoft npoBOflHMOCTH h fliisjieKipiiHecKoft npommae- 
mocth no (popMyjiaM, BMBeflemiMM iliiH/xxapflOM [2], noflpoSHO H3ynajiHCb b 
MOHorpacpHH [3]. B pa6oTe [5] nonepeHHaa flHSjieKipiiHecKaa nporomaeMOCTb 
KBaHTOBoft njia3Mbi npHMeHHjiacb b Bonpocax Teopii CKiiH-scpcpeKTa. B Ha- 
CTOHinee BpeMH pacTeT HHTepec k royHeiniio pasjiiiHHbix cbohctb KBaHTOBoft 
njia3Mbi (cm, Hanpniviep, [S]-[II]). OcoGemio cjie/jyeT OTMeTHTb pa6oTy J]jk. 
MaHcppe^H [T2], nocB^meHHyio iiccjieflOBaiiiiio sjieKTpoMarHiiTHbix cbohctb 
KBaHTOBoii njia3Mbi. 

rUrojieKTpiiHecKafl npommaeMOCTb njia3Mbi onpeflejiaeTCH sjieKipiinecKoft 
npoBOflHMOCTbio miasMM. IlosTOMy CHanajia mm paccMOTpiiM nonepeniiyio 

SJieKTpHHeCKyK) IipOBOflllMOCTb KBaHTOBOH CTOJIKHOBHTCJIbHOft H7ia3MbI. 

1. KHHeTHHecKoe ypaBHeHHe ,o,Ji5i MaTpHii,t>i njioTHOCTH 

EtycTb BeKTopHbift noTeHHHaji sjieKipoMarmiTHoro nojin hbjihctch rapMO- 
HHnecKHM, T.e. H3MeH5ieTC5i KaK A = A(r) exp(— iujt) . Mbi paccMaTpHBaeM 
nonepeHHyio npoBO/xiiMOCTb. EtosTOMy BbinojiHHeTCH cjie/jyiomee cooTHonie- 
HHe divA(r, £) = 0. CBH3b Me^K/xy BeKTopHbiM noTeHiniajiOM h Hanp^>KeH- 
HOCTbio sjieKTpHHecKoro nojifl flaeTCH cjie/xyioiniiM Bbipa>KeHiieM 

A(q) = --E(q). 

u 

PaBHOBecHan MaTpima njioTHOCTH HMeeT cjie/ryiomiift bhjj, 

1 

P ~ exp(H/(k B T)-a) + l 

3jj,ecb T - TeMnepaTypa njia3Mbi, Ub - nocTOHHHaa Bojibinviaiia, fi - xhmh- 
necKHft noTeHu,iiaji njia3Mbi, H - raMii jibTOHiiaH , a = fi/ksT - npiiBefleriHbift 
(6e3pa3MepHbift) xKMimecKiift noTeHiraaji njia3Mbi. 

B jiimeftHOM npii6jiH>KeHiiH raMHjibTOHHaH HMeeT cjie/jyioinHft bhjj; 

g= (P-(e/c)A)' = ^__^ 
2m 2m 2mc 

3jj,ecb p - onepaTop HMnyjibca, p = — i/iV, e, m - 3ap5ijj, h Macca sjieK- 

TpOHa, C - CKOpOCTb CBeTa. 

Cjie^OBaTejibHO, mm MOJKeM npeflCTaBHTb stot raMiijibTOHiiaH b Biijj,e cyM- 
mm flByx onepaTopoB H = Hq + Hi, rjj,e 
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Bo3bMeM KHHeTHHecKoe ypaBHeHHe MaTpnubi iijiothocth b r - npn 

6jIH>KeHHH 

o-p 



ih% = [H, p] + ih'- 

Ot T 



1.2) 



3jj,ecb v = 1/r - scpcpeKTHBHa5i nacTOTa ctojikhobchhh nacTHi], njia3Mbi, r 
- xapaKTepHoe BpeMsi Me^K/jy ppyMsi nocjieflOBaTejibHMMii ctojikhobchhhmh, 
h - nocTO^HHaa EtjiaHKa, [H, p] = Hp — pH - KOMMyTaTop, p - paBHOBecHasi 

MaTpHII,a IIJIOTHOCTH. 

B jihhghhom npii6jiH>KeHHH no BHeniHeMy nojiio mm Hin,eM MaTpnny njiOT- 

HOCTH B BH^e 

p = pP> + pV. (1.3) 

3jj,ecb p^ - nonpaBKa (B03MymeHHe) k paBHOBecHoii MaTpnue iijiotho- 
cth, o6ycjiOBjieHHaa HajiimiiCM sjieKTpoMarHHTHoro nojra, p^ - paBHOBecHaa 
MaTpima iuiothoctii, OTBenaiomaH "paBHOBecHOMy" onepaTopy raMiijibTOHa 

llpeflCTaBHM paBHOBGCHyKD MaTpHI],y njIOTHOCTH p (cm. (1.1)) b cjie/ryio- 

meM BHjj,e 

p = p^ + pV. (1.4) 

PaCCMOTpHM KOMMyTaTOp [H, p] . B JIHHGHHOM npn6jIIDKeHHH 3TOT KOM- 

MyTaTop paBeH 

[H,p] = [Ho,p {1) } + [H h p {0) ] (1.5) 



H 



[HJ}=0. (1.6) 
J\jik KOMMyraTopoB H3 npaBoii nacTii paBeHCTBa (1.5) mm HaxoflHM 

(kil^o,^ 1 )]!^) = (E kl -^^(ki-ka), (1.7) 



H 



(ki|[fTi,pW]|k 2 ) = [/Hk 2 )-Mki)](ki|tfi|k 2 ) 
e/i 



2mc 



/ F (k 2 ) - /jr(ki) (ki + k 2 )A(ki-k 2 ). 



(1.8) 



3jj,ecb 



rfle 



/F(k) = 



1 



l + exp{E k /k B T-a)' 
h 2 k 2 



2m 



p = hk. 



HanoMHHM, hto BeKTop |k) HBjiHeTCH co6cTBeHHbiM BeKTopoM onepaTopa 
H\k)=E k \k) 1 (k\H = E k (kl 

11 onepaTopa p: 

p|k) = fik|k), (k\p = hk(k\. 

HanoMHHM TaioKG , hto fljia onepaTopa L BbinojiH^eTca cooTHoniemie : 

(ki|L|k 2 ) = ^ z J exp(-ikir)Lexp(zk 2 r)G?r, 

a fljia (pyHKi^HH (p(r) - Taxoe cooTHonieHHG 

(ki|y?|k 2 > = J exp[-i(ki - k 2 )r)ip(r)dr = y(n - r 2 ). 

H3 cooTHoniGHiiii (1.4)— (1.8) BbiTexaeT, hto 

p { J (ki - k 2 ) = (ki + k 2 )A(ki - k 2 ). (1.9) 

Zmc £/ki — ^k 2 

C noMom,bio cooTHOineHHH (1.3)— (1.5) mm jiiiHeapii3yeM KiiHeTHHecKoe 
ypaBHemie (1.2). IIojiyHaeM cjie^yiomee ypaBHeroie 

ih %r = + [#i, /^ (0) ] + ^- — — ■ (i-io) 

Ot T 

3aivieTHM, hto B03Mym,eHHe p^ ~ exp(— zo;t), Tor^a ypaBHemie (1.10) 
npiiHHMaGT cjie^yioinHH Bim 

(/ia; + z^)/9 (1) = [H , p {1) ] + [# b ^ (0) ] + ihup^. 

OTdo^a cjie^yeT, hto 

(/^ + zH(ki|/o (1) |k 2 ) = (k 1 |[ J f/ ,/ ) ]|k 2 )+ 

+(ki|[ffi,p(°)]|k 2 > +i^(k 1 |pW|k 2 ). (1.11) 
HeTpyn,HO Bii^eTb, hto 

(kxllfTo.pWUka) = (£ kl - ^Xki^lka) = 

= (E kl -E k2 )p^(k 1 -k 2 ). (1.12) 
rioflCTaBHM b (1.11) paBeHCTBa (1.12) ii (1.8). B pe3yjibTaTe 6yn,eM iiMeTb: 

(fiw + %hv - E kl + £; k2 )p (1) (ki - k 2 ) = 
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ay 



= ^LMki) - /p(k 2 )](ki + k 2 )A(ki - k 2 ) + ifa/p^kx - k 2 ). (1.13) 
Ilpeo6pa3yeM Tenepb ypaBHeHiie (1.13) c noMODXbio paBeHCTBa (1.9) k bh- 

(huj + ifw - E kl + £ k JpW(ki - k 2 ) = 
eft [/p(ki) - /F(k 2 )](E kl - E k2 - itw) 



2mc E kl - E k2 

H3 KOTOpOrO HaXOflHM 

p^(ki-k 2 ) = 



(ki + k 2 )A(ki-k 2 ), 



eg [/ f (ki) - /f(k 2 )](£? kl - £ k2 - zfa/) 
2rac (E kl - E k2 )(hw + zTm/ - £? kl + £? ka ) 



k 1 + k 2 )A(k 1 -k 2 ). (1.14) 



B ypaBHGHiiii (1.14) mm iiojiojkhm ki = k, k 2 = k — q. Toryja 
(k 1 |p( 1 )|k 2 ) = (k|/)|k-q)=/)(q) = 



eh [/Hk) - f F (k - q)](E k - E k q - itw) 
mc (E k — E k - q )(E k — E k q — fnu — ihv) 



kA(q). 



(1.15) 



2. IIjIOTHOCTb TOKa 



IljiOTHOCTb TOKa j (q) onpe^ejisieTCfl KaK 



j(q,w) = e J 



^ (k+? 



(p - -A)p + p(p - -A) 

c c 



87r 3 m \~ ' 2 

Ilocjie noflCTaHOBKH (1.3) b HHTerpaji H3 (2.1), mm HMeeM 

e . s , e 



k-5 



k+^ 

2 



(p A)p + p(p A) 

c c 



k-?') = 



P pW+pWp--(Ap^ + pWA) 

c 



HeTpyziHO noKa3aTb, hto 



< k +I 



pp« + p«p 



k-|)=2nkp(°)(q), 
Ap(°) + p(°)A| k - |) = A(q) [p(°)(k + |) + p(°>(k 



(2.1) 



2 ; . 
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Cjie^OBaTejibHO, BbipajKeHiie fljra hjiothocth TOKa HMeeT cjie^yiomHH bh^ 

j(q ,^) = -^A( q ) /^p(")( k + 3)_£. A(q) /^<»»(k-f) + 
mc J 871^ z mc y 87r J z 



P 



(1) 



q 



IlepBbie flBa HjieHa b stom BbipajKeHHii paBHbi flpyr flpyry 

iV 

Y' 



rpp N - HHCjiOBaa njiOTHOCTb (KOHu;eHTpan,H5i) njia3Mbi 
CjieflOBaTejibHO, njiOTHOCTb TOKa paBHa 

e 2 N f 
j(q, (j, v) = - Trr A(q) + eh \ 



dk -k/k + ^ 



P 



a; 



q 



(2.2) 



mc J 47r 3 m 

IlepBoe cjiaraeMoe b (2.2) ecTb He hto HHoe, KaK KajiiiGpoBOHHasi njiOT- 

HOCTb TOKa. 

C noMODXbio OHeBHflHoii 3aivieHbi nepeMeHHbix b HHTerpajie H3 (2.2) Bbipa- 
>KeHiie (2.2) mo>kho npeo6pa30BaTb k Bii^y 



j(q, u, v) = -— A(q) + eh [ -r^-k (k 



P 



(i) 



k — q 



(2.3) 



B cooTHOineHHH (2.3) noflbiHTerpajibHoe BbipajKeHiie flaeTCH paBeHCTBOM 
(1.12). noflCTaBjisra (1.15) b (2.3), nojiy^aeM cjie^yiomee Bbipa>KeHHe fljra 

njIOTHOCTH TOKa 



j(q,o;,z/) = 



e z N 



mc 



A(q)- 



m 2 c 



47T 3 

06o3HaHHM flajiee 

S(k, q) = 



kdk [kA(q)] [Mk) ~ Mk ~ q)](Ek ~ Ek q 



ihv) 



(E k - E k _ q )(E k - £ k q - hw - ihv) 
E k - E k q - ihv 



(2.4) 



(E k - E k _ q ) [E k - E k q - h(u + ii/)] ' 

C y^eTOM SToro o6o3HaHeHH5i cpopMyjiy (2.4) ^jra hjiothocth TOKa mojkho 
nepenncaTb Kopo^e: 



2fe2 



e z h 



J(q,uJ,v 



e z N 



mc 



A(q)- 



m 2 c 



47T 3 



[kA(q)] H(k,q)[/Hk)-/Hk-q)]. 
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HanpaBHM ocb x B^ojib BeKTopa q, a ocb y B^ojib BGKTopa A. Tor^a 
npeflbiflymee BeKTopHoe BbipajKeHiie (2.4) MO>KeT 6biTb nepenncaHO b Bii^e 
Tpex CKajiapHbix 



e 2 N e 2 h 2 A{q) f dk 2 „ 

-^(q) — y -( k > q)[/f(k) - /^(k - q )] 



mc 



m 2 c 



H 



j^(q,w,z/) = j z (q,w,z/) = 0. 

OneBHflHO, HTO 

/Jk /" dk 

^H(k,q)[/ F (k)-/ F (k-q)] = y — fc?H(k,q)[/ F (k)-/ F (k-q)]. 

Cjie^OBaTejibHO 

dk 



4tt 3 y 



^S(k,q)[/Hk)-Mk-q)] = 



/ 

/dk 
j-fil + kl) E(k, q)[/ F (k) - / f (k - q)] = 

/dk 
^(k 2 -eS(k,q)[Mk)-Mk-q)]. 



1 f dk 

2 

1 /' dk 

~ 2 

OTCiOfla Mbi 3aKjiK)HaeM, hto Bbipa>KeHHe fljia njiOTHOCTH TOKa mojkho npefl- 
CTaBHTb b cjieflyiomeii nHBapiiaHTHoii cpopivre 



Ne 2 

j(q,w,z/) = A(q)- 



e 2 h 2 



87r 3 m 2 c 



A(q) / dk 



mc 
k 2 



/kq 



S(k,q)[/ F (k)-/ F (k-q)], (2.5) 



hjih, yHHTbiBaa pa3Jio>KeHHe Ha sjieivieHTapHbie flpoSii, (2.5) 3anmiieM b Bii^e 
E k - E k q - zfa/ 

(E'k - E k ^ q )(E k - E k q -fa- ifa/) 
1 /iCJ 



+ 



nojiy^aeM 



E k - E k q E k - £ k - q - ft(a; + iv) ' 

iVe 2 

j(q,w,z/) = A(q)- 

mc 

^ ACq)/^^-^-^ 



87T 3 m 2 c 



E k — E k 
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e 2 h 3 co 



87r 3 m 2 c 



A(q) 



k\dk 



f F (k) - f F (k - q) 



(E k - E k ^)[E k - E k q - h(u> + ii/)] 



(2.6) 



IlepBbie flBa Hjreiia b npeflbi^ymeM coothoiughhh (2.6) He 3aBiiC5iT ot Ha- 
CTOTbi u ii onpeflejiHiOTCH fliiccHnaTiiBHbiMii CBoiiCTBaMii MaTepiiajia, onpe- 
flejiaeMbiMH HacTOToii CTOJiKHOBemiii v. 3th HjieHbi 5IBJI5HOTC5I ymiBepcajib- 
HbiMH napaivieTpaMH, onpe^ejraiomiiMii fliiaiviariieTiiSM JlaH^ay. 

3. ITonepeHHaa 3JieKTpHHecKaa npoBOflHMOCTb h 
^HSJieKTpHHecKaa npoHHijaeMOCTb 

yHHTbiBaa CB5i3b BeKTopHoro noTemjiiajia c Hanp^jKeiiHOCTbio sjieKTpo- 
MarHiiTHoro nojisi, a TaK>Ke CB5i3b iijiothoctii TOKa c sjieicrpiiHecKiiM nojieM, 
Ha ocHOBaHiiii npeflbiflymiix cooTHoniemiH (2.5) ii (2.6) nojiyHaeM cjie^yiomee 
Bbipa>KeHHe iiHBapiiaHTHoro Bii^a fljisi nonepenHoii sjieicrpiiHecKoii npoBOflii- 

MOCTH 



. . ie 2 N ie 2 h 2 
a tr (q,uj,is) = h 



muj 



87T 3 m 2 u 



H(k,q)[/Hk)-/Hk-q)]kidk. 



hjih, Bbi^ejiHH CTaTHnecKyio npoBOfliiMOCTb do = e 2 N /mv, 

h 2 



o- tr (q,u, v) _ W 



1 + 



87T 3 mN 



J H(k,q)[/Hk)-/Hk-q)]kidk 



(3.1) 



llpeflCTaBiiM cooTHonieHiie (3.1) b 5ibhom Bii^e 



^0 



1+ 



h 2 



[ [Mk) - f F (k - g)](E k - E kq - ihu) 2 dk 
J (E k - E k _ q )[E k - E k _ q - H(uj + lis)} ± 



(3.2) 



87r 3 mN 

Ha ocHOBaHiiii (3.1) ii (3.2) HaniinieM BbipajKemie fljisi flrojieKTpiiHecKoii 
npomirraeMOCTii 

,2 



£tr — 1 



1 + 



87r 3 miV 



H(k,q)[/Hk)-/Hk-q)Mdk 



(3.3) 
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lu: 



p — 1 p 



1 + 



ft 2 



[f F (k) - f F (k - q)](P k - E kq - itUy)^ 



(3.4) 



Stt^tuN J (E k - P k _ q ) [E k - E k q - h(u> + zV)] 
3aMeTHM, hto fljia HeBbipojKfleHHOii njia3Mbi HHCjioBaa njioTHOCTb b paB- 

HOBeCHOM COCT05fflHH paBHa 



N = 



.2 K T' 



7T Z 



mvr 1 n m 

rj\e kr - TenjioBoe BOJiHOBoe hhcjio, kt = — — , vt = — t=, p = 



h 



VP 1 



2k B T 



oo oo oo 

' ' = \ I Ml + e->. 



/2(«) = y X fF{x)dx = j 








Ilpeo6pa3yeM (popiviyjibi (3.1), (3.2) h (3.3), (3.4). BMecTO BGKTopa k bbg- 
fleivi 6e3pa3MepHbiii BeKTop P paBeHCTBOM 

Bo3bMeM BeKTop q = g(l, 0, 0). Tor^a 

kqx2 

q 

TaKHM o6pa30M, (popiviyjibi (3.1) h (3.2) 3aniiiiiyTC5i b BH^e: 



CT U) 



1 + 



S(k,q)[/ F (k)-/ F (k-q)]P^ 3 P 



8tt/ 2 («) 



CT U) 



1 + 



"™T /" LM k ) - M k - q)] (^k - #k-q - p2 rf 3p 



87T/ 2 (<*) 7 (P k - £ k -q) [#k " #k-q " + ZI/)] 

Tohho Tax >Ke npeo6pa3yiOTC5i (popiviyjibi (3.3) h (3.4): 



(3.5) 



U3, 



r — 1 p 



1 + 



S(k,q)[/ F (k)-/ F (k-q)]P^ 3 P 



87r/ 2 (a) 
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uj: 



p — 1 p 



1 + 



T 



[f F (k)-f F (k-q)](E k -E k . 



8irf 2 (a) J (E k - E k _ q )[E k - E k q - H(uj + zV)] * J 
Bocnojib3yeMC5i pa3Jio>KeHHeM Ha sjieMeHTapHbie ppo6R 
E k - E k q - ihv 

(E k " E k ^)[E k " ^k-q - H(U + iv)] ~ 
IV 1 UJ 1 

+ 



(3.6) 



uj + iv E k — E k q uj + iv E k — E k q — h(uj + iv) 
C noMom,bio SToro pa3Jio>KeHH5i nepenmiieM cpopMyiibi (3.5) h (3.6): 



IV 
UJ 



1 + 



mv 



T 



iv 



ITlVn 



871-/2 (a) uj + iv 



UJ 



/ F (k) - /,(k - q) p , rf 3 p+ 



k-q 



/• // (k) ,//,(k q) /)2 /:{/) 

8irf 2 (a)oJ + iv J E k - E k _ q - h{uj + iv) ± 



(3.7) 



H 



1 

a; 2 



1 + 



iv 



8^/2(0^) uj + iv 



/ f (k)-/ F (k-q) pl<j3p+ 
— E k 



k-q 



UJ 



f F (k) - f F (k - q) 



Pld 3 P 



87r/2(a) uj + iv J E k — E k q — H(uj + zV) 
PaccMOTpiiM HHTerpajibi 



(3.8) 



_ 1 f / F (k)-/ F (k-q) 2 3 



H 



/ F (k) - f F (k - q) _ p 2 d 3p 



^k - #k-q - ft(u + W)' ' ^ 

C noMom,bio 3thx HHTerpajiOB cpopiviyjibi (3.7) h (3.8) nepennniyTca b 
CHMMeTpHHHoii cpopivie: 



Oft- 
O"0 



H 



IV 
UJ 

ujI 

£tr = 1 9" 



1 + 



T 



4/ 2 (a) 



CJ + zV 



1 + 



mv% ujJuj + zV J y 



4/ 2 (a) 



cj + zV 



(3.9) 



(3.10) 
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IlpeflCTaBHM J v b BH^e pa3H0CTH flByx HHTerpajiOB. Bo btopom HHTerpa- 
jie CflejiaeM OHeBHflHyio 3atvieHy nepeivieHHOH HHTerpiipoBaHii5i. B pe3yjiBTaTe 
nojiy^aeM: 

Jy ~^J (E k -E k _ q )(E k -E k+ J F{k) ^ d R 
AHajiorHHHO npeo6pa3yeM BTopofi Htrrerpaji 

1 f [2E k -(E k _ q -E k+q )}f F (k)P 2 d 3 P 



Juj — 



2tt J (E k - E k q - h(u + iv))(E k - E k+q + h(u + iv))' 

3aiiMeMCH npeo6pa30BaHHeM IIHTGrpajIOB J v H J^. 3HGpriI5I 3JIGKTpOHa 

paBHa 



h 2 k 2 h 2 k 2 P 2 



E k = — = = ^P 2 = E T P 2 , 

2m 2m 2 

mv T 

rj\e Et = — TenjiOBaa SHeprira sjieKTpoHOB. 

AHajiorHHHO, 

^k Tq = |-(k T q) 2 = E T (P T = E T (P T I) 2 , 

Am \ KtJ 

q ftq 

vj\e 1 = - — = 6e3pa3MepHoe BOjiHOBoe hhcjio. 

kt mvr 
Pa3HOCTB 3thx BejiHHHH paBHa: 

E k - E k q = E T (2PJ - I 2 ) = lmv T {P x - 

E k - E k+q = -E T (2PJ + I 2 ) = -lmv T (P x + 
HafifleM cyMMy sthx paBeHCTB: 

2E k - {E k+q + £ k _ q ) = -2l 2 E T = -l 2 mv\. 

3HaHHT, 

t 1 /• f F (P)Pld 3 P 
v 27rmv 2 J P2-(//2) 2 ' 

^ajiee, nojiy^aeM: 

E k — E k q — /z,(cj + zV) = lmv\{P x — ^) — /l(cj + zV) = 



= /m4 



/ /i(cj + zV) 
2 Imvt 



x 2 / 
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u + iv to 
z = — = x + ly, x = 



v 



V = 



Tohho Tax >Ke 



Ek — i?k-q + h{w + iv) = lmv\ 



Px + 

2 I 



3HaHHT, 



1 



f F (P)P 2 ± d 3 P 



2^mv 2 T J (P x - z/l) 2 - (//2) 2 ' 
B HHTerpajiax J v h J w bmhhcjihm BHyTpeHHiiii ^bohhoh HHTerpaji: 



oo oo oo 

j j f F (P)PldP x dPy = 27T j ~ 



p 3 dp 



_|_ g/5 2 +r 2 -o; 



-oo — oo 



e a-f?-T 2 n 3 



oo 



= 2tt / i eQ _; 2 _^ = 2tt / ^ln(l + e^ )dp = 2irf 3 (r,a). 



oo 

h{r, a) = J x 3 f F (x, r, a)dx, f F {x, r, a) = - - J 2+r2 _ a - 



CorjiacHO (3.9) h (3.10) nojiynaeM: 



a tr iv 
cr u 



1 + 



^ir — 1 



UJp 
LJ 2 l 



1 + 



1 (jjluj + zV/j, 

4/ 2 (a) a; + iv 

1 cj/^u; + zV/j, 



= J_ r f F (P)P 2 d 3 P 
v 2nJ P 2 -{l/2Y 



4/2 (a) u + iv 

00 

f h(r,a)dr 



(3.11) 



(3.12) 



1, = 1 



f F (P)PlSP 



—00 
00 



r 2 - (//2) 2 ' 
f 3 (T,a)dT 



2nJ (P x -z/iy-(l/2y J (r-z//) 2 -(//2) 2 ' 

—00 

OopMyjiy (3.11) h (3.12) nepenmiieM b 6e3pa3MepHbix napaMeTpax x, z/, 1: 

2rJ w + %yl v 



Gt L _%y_ 
cr x 



1 + 



4f 2 (a)(x + iy) 



(3.13) 
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II 



X L L 



xl u + iyl v 
4f 2 {a){x + iy) 



(3.14) 



S^ecb x p = 



6e3pa3MepHa^ njia3MeHHa5i (jieHrMiopoBCKaa) HacTOTa. 



p UtVt 

Oopiviyjibi (3.13) h (3.14) 6yn,yT Hcnojib30BaHbi hhjkg fljia npoBefleHira 
HHCJieHHbix h rpacpHHecKHx pacneTOB. 

4. IlpaBHJio cyMMbi 

IlpoBepHM BbinojiHeHne o^Horo H3 cooTHonieHHH, Ha3biBaeivioro npaBHjiOM 
/-cyMM (cm., HanpiiMep, [4], [13] h |H]) fljia nonepeHHoft flrojieKTpiiHecKofi: 
npoHHii,aeMOCTH (3.7). 9to npaBiuio Bbipa>KaeTC5i (popMynoii (4.200) H3 mo- 
HorpacpHH 



J £f r (q, LO, v)u)du) = 7TCJ 2 , 

— oo 

r^e Up - njia3MeHHa5i (jieHrMiopoBCKasi) HacTOTa, 



(4.1) 



'47re 2 N 



m 



Kax noKa3aHO b [15] . ^jra ^OKasaTejibCTBa cooTHonieHHH (4.1) flocTaTOHHO 
flOKasaTb BbinojiHeHne npe^ejibHoro coothoiiighh5i 



£t r (q,u;,i/) = 1 



CO 

u 



CO — > oo. 



(4.2) 



Bocnojib3yeMC5i Bbipa>KeHneM (3.3) fljra nonepeHHoii flirajieKTpiiHecKOH 
npoHiiii,aeMOCTH 



e tr (q,uj,p) = 1 



LO 

CO 



1+ 



/i 2 



y H(k,q)[/jr(k)-/ F (k-q)]kidk 



(4.3) 



8ir 3 Nm 

H3 Bbipa>KeHH5i (4.3) bh^ho, hto ^jih ^OKasaTejibCTBa (4.2) ^ocTaTOHHO ,0,0- 

Ka3aTb, HTO 



lim 

W— >-00 



1 + 



ft 2 



87rWm 



J S(k,q)[/ F (k)-/i,(k-q)]k^k 
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EtocjieflHee cooTHOinemie coBepnieHHO oneBHflHO, ecjin 3aivieTHTb, hto 

lim S(k, q) = 0. 



Ld— >OQ 



TaKHM o6pa30M, npaBiijio J-cyMM [T3j flJifl nonepeHHofi: ^HSJieKTpiiHecKofi: 

npOHHI^aGMOCTII KBaHTOBOH CTOJIHOBHTejIbHOH njia3MbI BbinOJIHHeTCH. 

5. MacTHbie cjiynan 3JieKTpHHecKOH npoBO^HMOCTH 



IloKa>KeM, HTO 



lim o tr = &o- 



(5.1) 



Bo3bMeM (popiviyjiy (3.7). SaivieTiiM, hto TpeTbe cjiaraeivioe b (3.7) nponop- 
u;HOHajibHO to. flajiee, jierKO BH^eTb, hto 



/f(k - q) 



1 + e p 2 , ^ i + e (p x - q /k T y+pi 

ripii Majibix / = q/kr H3 nocjieflHeii cpopMyjibi nojiy^aeM: 



,P 2 -a 



/ F (k-q) = Mk)+ 5 (P)2P I |-, g(P)= (1+ g eP ._ a)2 . 
CoraacHO (3.7) HaxofliiM, hto 



1 



zz/ 



f g(P)P x Pld 3 P 

47r/ 2 (a)(w + zV) J P x - q/2k T 

YcTpeMHM q — y b stom Bbipa>KGHiiii. riojiynaeM, hto 



do cj 



o"t r zz/ 

O"0 CO 



1 



zz> 



47r/ 2 (a)(w + zV 
PaccMOTpHM HHTerpaji H3 (5.2): 



y g(P)P 2 ± d 3 P 



(5.2) 



OO oo 



y g (p)Pid 3 p = 2tt y y g^p^p 



-oo 



= 2tt y ln(l + e a " r2 )^ = 47r/ 2 (a). 



Ha ocHOBaHHH (5.2) Tenepb nojiynaeM: 



co + iv 
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OTCiOfla BHflHO, hto npii uj — V ii npii Majibix g nonepeHHaa npoBO^iiMOCTb 
KB&HTOBoii njia3Mbi nepexoflHT b CTaTiiHecKyio npoBOfliiMoerb KjiacciiHecKoii 
njia3Mbi. 

IlycTb Tenepb BejiiiHima uj Majia, ho He CTpeMiiTC5i k Hyjno. E[peo6pa3yeM 
(popMyjiy (3.7) k cjie^yiomeMy Bii^y: 



a tr iv 
a uj 

UJ 



1 - 



IV 



f g{P)P x Pjd i P 

47rf 2 (a)(uj + iv) J P x - qh/2mv T 

f g(P)P x Pld 3 P 



(5.3) 

4irf 2 (a)(uj + iv) J P x — qh/2mvT — (cj + iv)/vrq 

BbiHHCjiHM BHyTpeHHHH flBOHHoii HHTerpaji no njiocKOCTH (Py, P z ) b (popMyjie 
(5.3): 

oo oo 

g(P)PldP y dP z = 7rln(l + e a - p "). 
Tenepb cpoptviyna (5.3) ynpomaeTca: 




— oo — oo 



(J tr IV 

a UJ 
UJ 



oo 



IV 



oo 



4f 2 (a)(u + iv) 

— c 

P x \n(l + e a ~ p * 



OO 



4f 2 (a)(u + iv) J P x -l/2-z/l 



P x \n{l + e a - p *)dP x 
P x ~ 1/2 



^ q uj + iv 



-oo 



IIJIII 



Gtr IV 
CT UJ 



oo 



1 - 



X 



iy 



r\xi(l + e a - T2 )dT 



4f 2 (a)z J t-1/2 

— oo 



oo 



4f 2 (a)z J t-I/2-z/I 



-oo 



(5.4) 



/ = 



z = 



uj + iv 



Bo3bMeM BbipajKemie nonepeHHoft npoBCfliiMOCTii b KjiacciinecKOH njia3- 



Me: 



1 



_ _ f g(P)Pjd 3 P 

a 47r/ 2 («) J l-iujr + iql T Pa 



-, It = vtt. 



(5.5) 
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Oopiviyjia (5.5) ynpoin,aeTC5i h npiimiMaeT biijj,: 



^0 



iy 



ln(l + e a ~ T2 )dT 



4/ 2 (o)Z 



T 



2// 



(5.6) 



IloKa>KeM, hto cpopiviyjia (5.4) npHBO^HTca npii Majibix I k (popiviyjie (5.6) 
3to (popMyjia (3.7) H3 Hanieft pa6oTbi [15] fljra nonepeHHoii sjieKrpiiHecKoii 

npOBOflHMOCTH KJiaCCHHeCKOH njia3Mbi). 

B (popiviyjie (5.4) npeo6pa3yeM nepBbift HHTerpaji, pa36iiBa5i ero Ha jjBa 
cjiaraeMbix. B pe3yjibTaTe nojiynaeM, hto cpopivryjia (5.4) npeo6pa3yeTC5i k 
BH^y: 



■Xi 



<Jtr 



UJ 



IP 



1 I f ln(l + e a " r )dr 



a; + w cj + iu 4/2(0) 2 J 

—00 

rln(l + e c 



DC' 



UJ 



1 



T-l/2 

! )dr~ 



uj + ii/ 4/2(0;) 



r-l/2-z/l 



(5.7) 



—00 



H3 (5.7) biijxho, hto nepBbiii HHTerpaji nponopnriOHajieH / 2 . OtGpochm 
9tot HHTerpaji. B 3HaMeHaTejie BToporo HHTerpajia H3 (5.7) npeiie6peraeM 
HjieHOM //2, h6o / <C 1^1//- B pe3yjibTaTe fljra Majibix 3HaHeHHii / nojiynaeM: 



^0 



+ IV 



4/2(0; 



rln(l + e a " 

T-Z/I 



-dr 



(5.8) 



Ilpeo6pa3y5i HHTerpaji H3 (5.8) Ha /jBa, mm b tohhocth nojiynaeivi (popMyjiy 
(5.6): 



<7Q 



iy 



ln(l + e c 



/4/ 2 (o) 



r 



2// 



-dr. 



Ha pnc. 1-6 npejj,CTaBHM cpaBHeHHe MOJjyjien sjieKTpiiHecKiix npoBOflH- 

MOCTeft KJiaCCHHeCKOH (KpHBbie "1") H KBaHTOBOH njia3MbI (KpHBbie "2") B 
3aBHCHMOCTH OT 6e3pa3MepHOH HaCTOTbl KOJie6aHHH 3JieKTpHHeCK0r0 nOJIH. 

Ha pnc. 7 h 8 npe^CTaBjieHbi 3aBiicHMOCTii ^eiicTBHTejibHOH h mhhmoh 
nacTei! sjieicrpHHecKOH npoBOflHMOCTii KBaHTOBOH njia3Mbi ot 6e3pa3MepHoro 
BOJiHOBoro Hiicjia (pnc. 7) 11 ot 6e3pa3MepHoft nacTOTbi KOJie6aHiift sjieKTpn- 
necKoro nojra (pnc. 
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Ha piic. 9 ii 10 npe^CTaBjieiibi 3aBiiciiMOCTii ^eiiCTBiiTejibHOH Hacrii (piic. 
9) ii mhiimoh HacTii (piic. 10) sjieKTpHHecKoii npoBOflHMOCTii ot 6e3pa3Mep- 
hoh nacTOTbi KOJieGamiii sjieRTpiinecKoro nojra. 

6. 3aKJiK)HeHHe 

B HacTO^ineft pa6oTe BbiBe^eiia cpopiviyjia rjih sjieicrpiiHecKoii npoBOflii- 

MOCTII B KBaHTOBOH HeBbipO^K^eHHOH CTOJIKHOBHTejIbHOH njia3Me C npOH3- 

BOJibHoft CTeneHbio Bbipo^KflemiocTii sjieKTpoHHoro ra3a. J^jisi stoh uejiii hc- 
nojib3yeTC5i KimeTiiHecKoe ypaBHeHiie c iiHTerpajiOM CTOJiKHOBeHHft b (popMe 
pejiaKcan,HOHHOH MO^ejiH b npocTpaHCTBe HMiryjibcoB. IIpoBOflHTCsi rpacpH- 

HeCKOe CpaBHGHIIG KBaHTOBOH npOBOflHMOCTH H3 HaCT05HII,eH paGoTbi c Kjiac- 
CHHeCKOH npOBOflHMOCTbK). 




Fig. 1. Dependence of | cr tT . / cr 1 on quantity x; y = 0.01, q = 0.2, a = —3. 
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Fig. 2. Dependence |cr tr /cr | of quantity x; y = 0.001, q = 0.1, a = 2. 




Fig. 3. Dependence of |a tr /o"o| on quantity x; y = 0.1, q = 0.01, a = —3. 




Fig. 5. Dependence of | cr tT . / <x 1 on quantity x; y = 0.001, q = 0.1, a = 0. 
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Fig. 7. Dependence of Re (o" ir /o"o) (curve "1") and Im (atr/&o) (curve "2") on quantity q; 

x = 0.1, y = 0.01, a = 0. 
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Fig. 8. Dependence of Re (a tr / Vo) (curve "1") and Im (ov/ao) (curve "2") on quantity x; 

y = 0.01, q = 0.1, a = 0. 




Fig. 9. Dependence of Re (crt r /o"o) on quantity x; y = 0.1, g = 0.1; curves of 1, 2, 3 
correspond to values of parameter a: a = 0, —3, 2. 
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Fig. 10. Dependence of Im (a tr /ao) on quantity x; y — 0.1, q — 0.1; curves 1, 2, 3 
correspond to values of parameter a: a = 0, —3, 2. 
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